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1 | INTRODUCTION

Hyun-Sang Cho®*

Abstract

Background: Individuals with bipolar disorder show mood instability, including height-
ened anger and impulsivity. The Ultimatum Game (UG) is a tool used to evaluate emo-
tional and social decision-making strategies. We investigated behavioral and electro-
physiological responses to subjectively fair or unfair offers in the UG in patients with
bipolar | disorder.

Methods: Twenty-four manic patients, 20 euthymic patients, and 30 healthy con-
trols participated in this study. We analyzed their behaviors and collected electroen-
cephalography data with which to analyze feedback-related negativity (FRN) as they
played in the UG as responders.

Results: Manic patients exhibited significantly higher rejection rates for unfair offers
than euthymic patients and healthy controls. Healthy individuals exhibited a greater
(i.e., more negative) FRN amplitude in response to unfair offers than to fair offers,
whereas euthymic patients exhibited a greater FRN amplitude in response to fair offers
compared with unfair offers. Manic patients exhibited no difference in FRN amplitudes
between fair and unfair offers.

Conclusions: The current data suggest that different behavioral responses and FRN
amplitude patterns can be associated with characteristic manifestations of mood insta-
bility in manic bipolar patients. In addition, electrophysiological alterations in response
to unfair offers may be a trait abnormality independent of mood state.

KEYWORDS
bipolar disorder, feedback-related negativity, rejection rate, ultimatum game

of patients with bipolar disorder (Ballester et al., 2014). This character-

istic is related to symptom severity, but is relatively high even during

Bipolar disorder is characterized by mood instability, anger, and aggres-
sive behavior (Bonsall et al., 2012; Perroud et al., 2008 ). The preva-
lence of violent behavior in patients with bipolar disorder is approxi-
mately 25%, compared to less than 1% in the general population (Lat-
alova, 2009). Aggression based on anger is an important characteristic

stable mood states. Furthermore, heightened anger has been reported
as a subsyndromal symptom of bipolar disorder (S. J. Dutraet al., 2014).

Individuals face a conflict between rational thinking and emotional
arousal in response to social fairness (Fehr & Fischbacher, 2003; Frith
& Frith, 2008; Hewig et al., 2011 ). Emotional decision-making is
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processed in the prefrontal cortex, amygdala, limbic system, and ante-
rior cingulate cortex (ACC). Patients with bipolar disorder and healthy
controls perform similarly on probabilistic classification tasks, which
evaluate learning ability. However, the Ultimatum Game (UG), which
evaluates emotional responses and punishment (Koenigs & Tranel,
2007), reveals an imbalance between reward and punishment learning
as well as residual anger, in patients with bipolar disorder (Duek et al.,
2014).

The UG, which is also called the “take it or leave it game” (Nelissen
et al.,, 2009), is based on the game theory (Glth et al., 1982). In the UG,
one participant plays the role of the “proposer,” and another partici-
pant plays the role of the “responder.” The proposer is given a sum of
money and is instructed to offer part of this sum to the responder. The
game has two outcomes. One outcome is that the responder accepts
the offer and receives his or her share. This decision is rational because
neither participant receives anything if the offer is rejected. The other
outcome is that the responder rejects the offer. In this case, neither
the responder nor the proposer receives anything. Thus, if the respon-
der feels that the offer is unfair, he or she can take revenge by mak-
ing a personal sacrifice. This decision is fundamentally emotional (Falk
& Fischbacher, 2006) and is associated with anger, aggressive behav-
ior, and low serotonin concentration (Crockett et al., 2010; Mehta &
Beer, 2010; Pillutla & Murnighan, 1996; Sanfey et al., 2003). The UG
measures the level of altruistic punishment. By rejecting the unfair
offer, participants can punish the unfair offer with “costly” or “altruis-
tic” punishment. The “cost” of punishment means the potential earning
that responders would otherwise receive. Altruistic punishment is an
impulsive act driven primarily by an emotional reaction to unfairness
(Koenigs & Tranel, 2007; Sanfey et al., 2003; Tabibn, 2008).

The social utility theory which focuses on guilt from getting more
than others, explain the rejection of unfair offers, which predicts rejec-
tion of low ultimatum offers to reduce envy and guilt (Camerer, 2003).
Another explanation that focuses on the human instinct to reciprocate,
is that punishing others for unfair offers to keep up social status repu-
tation persist even while playing game (Nowak et al., 2000).

Feedback-related negativity (FRN) is a negative deflection in the
event-related potential (ERP), the maximum amplitude of which is
recorded at the scalp over the frontal brain region (especially electrode
Fz) (Van den Berg et al., 2011) approximately 250-300 ms after the
onset of a negative event, such as negative performance feedback com-
pared to positive performance feedback (Holroyd & Coles, 2002; Milt-
ner et al., 1997) or a gambling loss compared to a win (Hewig et al.,
2011; Yeung & Sanfey, 2004). Negative amplitudes have been observed
in response to losses in which punishment is worse than expected. Pun-
ishment leads to negative affective responses and is linked to the con-
cept of habitual or trait-like differences in negative affect (Jeffrey A
Gray, 1994; Jeffrey Alan Gray & McNaughton, 2003). In the UG, greater
FRN amplitudes to unfair offers reflect negative responses and may
lead to an increased likelihood of remedial action in terms of rejection
of unfair offers (Qu et al., 2013).

In this study, we assessed decision-making in patients with bipolar
| disorder as they played the UG. Specifically, we assessed whether

patients with bipolar disorder would show more altruistic behavior
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in response to unfair offers than healthy controls. We also evalu-
ated whether altered decision-making processes were observed in
euthymic patients. We hypothesized that altered emotional decision-
making processes in patients with bipolar disorder may lead to high
rejection rates and a related increase in FRN. If so, we anticipated that
this alteration would also be observed in euthymic patients.

2 | METHODS

2.1 | Participants

Forty-four patients with bipolar | disorder (24 manic, 20 euthymic)
were recruited from inpatients and outpatients at the Severance Men-
tal Health Hospital of Yonsei University Health System. A diagnosis of
bipolar disorder was made according to the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM V) criteria by two psy-
chiatrists (R.Y.H. and H.S.C.) using the Mini-International Neuropsychi-
atric Interview (MINI) (Sheehan et al., 1997). Patients with other psy-
chiatricillnesses, such as schizoaffective disorder, personality disorder,
comorbid substance abuse or dependence, rapid-cycling bipolar disor-
der, history of closed head injury, mental retardation, neurological dis-
order, or any other current axis | disorder, were excluded. To obtain
healthy control participants, we posted a recruitment notice on a web-
site and selected 30 healthy sex- and age-matched participants. These
healthy volunteers had no history of bipolar disorder, schizophrenia, or
other psychiatric illnesses and did not show any significant mood or
thought symptoms as assessed via the MINI (Table 1). All participants
were right-handed as indicated by Annett’s Handedness Questionnaire
(Annett, 1970). Participants received W—-35,000 (approximately $35)
for participating in the study and W—-10,000 (approximately $10) for
performing the UG, regardless of their performance on the task. Writ-
ten informed consent was obtained from all participants, and all par-
ticipants displayed adequate understanding of the study procedures.
This study was approved by the Institutional Review Board of Sever-
ance Mental Health Hospital and was conducted in accordance with
the Declaration of Helsinki.

2.2 | Clinical assessment

We interviewed participants to assess their demographics, including
age, sex, and educational level. We estimated clinical status using
the Young’'s Mania Rating Scale (YMRS) (Young et al., 1978), the
Montgomery-Asberg Depression Rating Scale (MADRS)(Asberg et al.,
1978), and the Korean version of the Global Assessment of Function-
ing (GAF) (Yi et al., 2003).

2.3 | The ultimatum game

All participants played the role of the responder, not the pro-

poser. They were told that the proposer was in another room. Each
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Manic patients Euthymic Healthy controls

(N=24) patients (N = 20) (N=30) Stats (F, t, or x?) Pvalue
Age 32.8+9.18 36.7+10.1 35.9+6.65 1.29 0.28
Sex (M/F) 13/11 12/8 17/13 0.15 0.93
Education (years) 13.6 +0.82 14.6 + 1.96 13.7 +2.01
Age at onset (years) 25.7 +8.46 26.7 +10.48 —-0.36 0.72
Iliness duration (years) 442 +2.02 4.75+2.38 —-0.50 0.62
Number of episode 2.58 +1.10 2.25+1.12 0.99 0.33
YMRS 16.5+7.33 1.50+1.73 9.73 <0.001
MADRS 4.92 +3.88 2.70+£2.05 2.42 0.02
GAF 51.1+116 790+16.7 —-6.49 <0.001
1Q 106 +13.8 108 + 134 111+ 137 1.12 033
Lithium/Divalproex (N) 9/13 9/11 0.25 0.76
Chlorpromazine 797 + 107 642 +112 4.67 <0.001

equivalent dose(mg)

Note: YMRS, Young’s Mania Rating Scale; MADRS, Montgomery- Asberg Depression Rating Scale; GAF, The Global Assessment of Functioning; 1Q, Intelligence

Quotient.
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FIGURE 1 Schematic diagram of the ultimatum game for electroencephalography

participant believed that they interacted with the proposer over a com-
puter network. The responder was informed of the rules of the UG,
that is, that they had to accept or refuse various offers. They were told
that every decision to accept or refuse an offer would influence how
much money the proposer would receive (Guth et al., 1982). Propos-
als did not change throughout the UG, regardless of the responders’
decisions. After the experiment, participants were debriefed that they
played against the computer.

The participants received a randomized series of 150 offers (50 tri-
als for each of three conditions: 9:1, 7:3, 5:5). Participants were first
presented with a fixation cross for 1000 ms, after which the proposer’s
offer appeared on the screen for 3000 ms. Following the offer pre-
sentation, the participant was instructed to press the keypad button
to enter their response: The left button to accept the offer and the
right button to refuse the offer. Once a response was recorded, the
participant was shown a text message on the screen (“Accepted" or
“Refused”) indicating their choice for 1500 ms. After a variable inter-

stimulus interval, a new trial was presented. Participants received a

break between the initial assessment and completing the session (Fig-
ure 1). Stimulus presentation was done by using STIM? software.

2.4 | Electroencephalography recording

Electroencephalography (EEG) was recorded using a 64-channel Neu-
roscan system (SynAmpsl|) with a scalp AgCl lead cap. Electrodes were
positioned according to the international 10/10 system. Two elec-
trooculographic (EOG) electrodes were placed near the outer canthus
and beneath the left eye to record eye movement. The recordings were
referenced to linked electrodes placed on the left and right mastoid
processes. To ensure stable skin conductance, all electrode impedances
were maintained below 5 . We recorded EEG data with a 0.01-200 Hz
band-pass filter at a sampling rate of 1000 Hz. The ground electrode
was place3 on the forehead. Recordings were performed in a dimly
lit, quiet, and electrically shielded room. Participants were seated in

a comfortable reclining chair at an eye distance of 50 cm from the
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FIGURE 2 Rejection rates for within-group comparisons and between-group comparisons. Horizontal bars denote significant post hoc tests;

Error bars denote standard errors

computer monitor (visual angle of 97 x 127). Participants were
instructed to concentrate on the center of the monitor and to avoid
blinking to the greatest extent possible. Each participant’s perfor-
mance was monitored by a closed-circuit camera. All participants
remained awake for the duration of the procedure.

EEG analysis was performed off-line. We used SCAN 4.3 software
from Compumedics. Spurious EEG noises were removed by inspec-
tion. Spurious EEG noises were removed by inspection. The EEG sig-
nal was filtered using a 0.1-30 Hz band-pass filter. To control for
eye-movement artifact, trials were adjusted via regression using the
EOG (Semlitsch et al., 1986); artifacts were rejected if their ampli-
tude exceeded +100 uV. A low-pass filter (8.5 Hz) was used to remove
muscular movement, noise, and alpha-wave activity. Artifact detection
resulted in rejection of 1.9% of the segments. Additional eye move-
ment detection resulted in rejection of a further 15.7% of the seg-
ments. EEG epochs of 800 ms were extracted. These 800 ms epochs
consisted of a 200 ms baseline (i.e., the time before the onset of the
offer) and 600 ms after the onset of the offer. ERPs were averaged
between 200 ms before the stimulus onset and 600 ms after the stimu-
lus onset.

2.5 | Statistical analysis

Behavioral data and FRN amplitude as measured at the F, and
FC, electrodes were analyzed using mixed-model analysis of vari-
ance (ANOVA) to assess the effects of fairness (9:1, 7:3, and 5:5)
and group (manic patients, euthymic patients, and healthy controls)
on responses. Greenhouse-Geisser correction for non-sphericity was
applied to all analyses. Pairwise comparisons to assess fairness in each
block were performed following one-way ANOVA; Bonferroni correc-
tion was applied to adjust for multiple comparisons. Pearson’s correla-

tion was conducted to assess the association between FRN amplitude

and symptom severity. SPSS version 17.0 (SPSS Inc.; Chicago, IL USA)
was used for all statistical analyses.

3 | RESULTS

3.1 | Rejection rates

ANOVA revealed a significant main effect of fairness (F(2,142) = 194,
p < 0.001) on rejection rates. There also was a main effect of Group
(F(2,71) = 7.75, p = 0.001) as well as a fairness x group interaction
(F(4,142) =5.19,p =0.001). We further explored this interaction in two
ways. First, we assessed fairness within each group separately. Second,
we assessed group effects separately for each level of fairness (Fig-
ure 2).

Within-group analyses revealed significantly greater rejection rates
to 9:1 offers compared to 7:3 or 5:5 offers in manic patients
(F(2,46) = 18.2,p < 0.001; 9:1 offers vs. 7:3 offers, p < 0.001; 9:1 offers
vs. 5:5 offers, p < 0.001; 7:3 offers vs. 5:5 offers, p < 0.001; rejection
rates of 97.9 + 7.21% for 9:1 offers, 57.3 + 32.1% for 7:3 offers, and
2.71 + 8.47% for 5:5 offers) and in euthymic patients (F(2,38) = 43.4,
p < 0.001; 9:1 offers vs. 7:3 offers, p < 0.001; 9:1 offers vs. 5:5 offers,
p < 0.001; 7:3 offers vs. 5:5 offers, p < 0.001; rejection rates of 78.1
+ 37.6% for 9:1 offers, 34.5 + 38.9% for 7:3 offers, and 0.50 + 0.89%
for 5:5 offers) Similar results were observed among healthy controls
(F(2,58) = 39.3,p < 0.001; 9:1 offers vs. 7:3 offers, p < 0.001; 9:1 offers
vs. 5:5 offers, p < 0.001; 7:3 offers vs. 5:5 offers, p = 0.001; rejection
rates of 60.4 + 43.4% for 9:1 offers, 24.9 + 36.3% for 7:3 offers, and
2.83 + 9.62% for 5:5 offers).

ANOVA revealed that rejection rates to 9:1 offers were signifi-
cantly higher in manic patients, but not in euthymic patients, compared
with healthy controls (F(2,73) = 8.07, p = 0.001; manic vs. euthymic,
p = 0.18; manic vs. control, p < 0.001; euthymic vs. control, p = 0.23).
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Similar findings were observed in response to 7:3 offers (F(2,73) = 5.60,
p = 0.01; manic vs. euthymic, p = 0.12; manic vs. control, p = 0.004;
euthymic vs. control, p = 0.99). Rejection rates were not different
among the three groups in response to 5:5 offers (F(2,73) = 0.062,
p=0.54).

There were no differences in reaction times to all offers among the
three groups (F(2.73) = 0.38, p = 0.69, 1.78 + 0.82 s in manic patients,
1.66 + 0.93 s in euthymic patients, 1.88 + 0.85 s in heathy controls for
9:1 offers; F(2.73) = 1.66,p = 0.20,2.16 + 0.93 s in manic patients, 2.01
+ 1.01 s in euthymic patients, 1.70 + 0.92 s in heathy controls for 7:3
offers; F(2.73) = 0.10, p = 0.91, 1.59 + 0.80 s in manic patients, 1.49
+ 0.89 s in euthymic patients, 1.51 + 0.88 s in heathy controls for 5:5

offers)

3.2 | Feedback-related negativity amplitude

FRN grand-averages at the F, electrode are shown in Figure 3. FRN
amplitudes at F, and FC, electrodes were collapsed for analysis. A two-
way fairness x group ANOVA revealed a significant main effect of fair-
ness (F(2,142) = 17.0, p < 0.001) and a significant fairness x group
interaction (F(4,142) = 23.1, p < 0.001), but no main effect of group
(F(2,71) = 1.87, p = 0.16). We further explored this interaction in two
ways as described above for rejection rate (Figure 4).

Within-group analysis revealed no significant difference in FRN
amplitude for 9:1, 7:3, or 5:5 offers in manic patients (F(2,46) = 0.46,
p=0.63; FRN amplitudes: 2.45 + 1.23 uV for 9:1 offers, 2.54 + 1.25 uV
for 7:3 offers, and 3.15 + 1.16 uV for 5:5 offers). Euthymic patients
exhibited greater (i.e., less positive) FRN amplitudes in response to
9:1 offers and 7:3 offers, compared with 5:5 offers (F(2,38) = 30.4,
p < 0.001; 9:1 offers vs. 7:3 offers, p = 0.53; 9:1 offers vs. 5:5 offers,
p < 0.001; 7:3 offers vs. 5:5 offers, p < 0.001; FRN amplitudes: 2.61
+ 1.23 pV for 9:1 offers, 2.66 = 0.93 uV for 7:3 offers, and 2.15 =
1.17 pV for 5:5 offers). Healthy controls exhibited greater FRN ampli-
tudes in response to 9:1 offers, compared with 7:3 and 5:5 offers
(F(2,58) = 23.4, p < 0.001; 9:1 offers vs. 7:3 offers, p < 0.001; 9:1
offers vs. 5:5 offers, p < 0.001; 7:3 offers vs. 5:5 offers, p = 0.63;
FRN amplitudes: 2.57 + 1.59 uV for 9:1 offers, 3.15 + 1.16 uV for
7:3 offers, and 3.18 + 1.00 uV for 5:5 offers). The main effect of fair-
ness and interaction of fairness and group revealed that FRN responses
to fair offers were different in healthy subjects with decreased
negativity.

Between-group comparisons of FRN amplitudes for each offer were
also performed. ANOVA revealed that FRN amplitudes were signif-
icantly greater in manic and euthymic patients than in healthy con-
trols in response to 5:5 offers (F (2,73) = 8.22, p = 0.001; manic vs.
euthymic, p = 0.99; manic vs. control, p = 0.004, euthymic vs. con-
trols, p = 0.003). FRN amplitudes did not differ across the three groups
in response to 9:1 offers (F(2,73) = 0.83, p = 0.92) and to 7:3 offers
(F(2,73) = 2.21, p = 0.12). Between group comparisons revealed that
FRN response showed decreased negativity for 5:5 offers relative to

manic and euthymic patients.

-200 0 200 400}\200 91
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FIGURE 3 Grand average of feedback-related negativity for three
different offers in manic and euthymic patients and healthy controls

3.3 | Correlations among clinical symptoms,
rejection rates, and feedback-related negativity
amplitudes

Rejection rates and FRN amplitude for the three different offers were
not significantly correlated with YMRS scores (p = 0.41 ~ 0.95),
MADRS scores (p = 0.13 ~ 0.94), or GAF scores (p = 0.16 ~ 0.92) in
manic patients or in euthymic patients (YMRS scores, p = 0.37 ~ 0.89;
MADRS scores, p=0.56 ~ 0.92; GAF scores,p =0.18 ~ 0.68).

4 | DISCUSSION

In this study, we investigated behavioral and electrophysiological char-

acteristics related to social decision-making and fairness among manic
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and euthymic bipolar patients compared to healthy controls, using
the UG. All three groups displayed standard behavior with respect to
rejecting unfair offers and accepting fair offers. Manic patients, but
not euthymic patients, however, rejected unfair offers at a significantly
higher rate than healthy controls, suggesting that manic patients are
sensitive to unfair offers and respond to abnormal bargaining behavior.
Healthy controls exhibited significantly greater (i.e., more negative)
FRN amplitudes in response to overtly unfair offers, than relatively
fair offers. In contrast, euthymic patients with bipolar disorder exhib-
ited greater amplitudes in response to fair offers than unfair offers,
whereas manic patients exhibited no difference in FRN amplitudes
across the three offer types. Our findings of a more pronounced FRN
amplitude in response to unfair offers, compared with those of fair
offers, in healthy controls are consistent with previous studies. This
typical difference in FRN amplitude between unfair and fair offers was
not observed in manic or euthymic patients with bipolar disorder.
Manic patients exhibit poor behavioral control and severe emotional
dysregulation (Perry et al., 2009) along with maladaptive antisocial
behavior and exploit others’ weaknesses, which may be associated with
impaired social cognition (Marsh & Blair, 2008). Patients with bipolar
disorder are more likely to have different views on moral judgment
when faced with emotionally salient moral dilemmas, especially dur-
ing the manic phase, than healthy individuals (Kim et al., 2015). Pre-
vious study reported the euthymic patients made angry expression
about game and showed greater rejections for ambiguous unfair offers
(Duek et al., 2014). Euthymic patients showed more reciproicity than
healthy group, which is dysfunctional due to reduced their gains in the
Trust game (Ong et al., 2017). Moreover, several studies have shown
that rejection behaviors among healthy individuals result from emo-
tional reactions to unfair offers in the UG (Chapman et al., 2009; Tabibn,
2008; Van't Wout et al., 2006 ). The rejection of unfair offers in the
UG was associated with skin conductance activity, which can only be
observed in humans not computers as proposers. This provides physi-
ological support for economic models of emotional decision-making in

humans (Van't Wout et al., 2006). Our finding is consistent with previ-

ous studies in more rejection rates for ambiguous unfair offers in the
manic patients, not in the euthymic patients. Therefore, impaired emo-
tional regulation and elevated anger with existing executive impair-
ment (S. J. Dutra et al., 2014; Sunny J Dutra et al., 2016) may be related
to higher rejection rates of unfair offers among manic patients with
bipolar disorder.

In this study, we demonstrated no pronounced change in amplitude
(i.e., not more negative) to unfair offers among manic and euthymic
patients with bipolar disorder. FRN has been reported to be gener-
ated in the ACC (Gehring & Willoughby, 2002; Miltner et al., 1997)
or medial prefrontal cortex (Becker et al., 2014; Carlson et al., 2011).
The FRN elicited by the UG has been shown to originate in the ACC
(Hewig et al., 2011). These brain regions play important roles in auto-
matic and implicit emotional regulation and show decreased functional
connectivity or activity in bipolar disorder (Etkin et al., 2015; Phillips
& Swartz, 2014). A recent review (Chase & Phillips, 2016) suggested
that functional interactions between the amygdala and medial pre-
frontal cortex are altered in bipolar disorder, and that this disconnec-
tivity pattern may result in impaired amygdala regulation. The amyg-
dala has been implied to be an important structure for emotion and
decision-making with physiological components (Bechara et al., 1999).
These abnormalities in neural function may be associated with the
observed changes in the rejection rate and altered FRN amplitude pat-
tern observed among manic patients in the current study. Generally,
the FRN has a relatively negative amplitude in response to outcomes
that are worse than expected and a relatively positive amplitude in
response to outcomes that are better than expected (Hajcak et al.,
2005; Holroyd et al., 2008). The UG reflects an evaluation of decision-
making that is linked to social interactions. In this context, patients with
bipolar disorder who exhibit a low FRN amplitude in response to unfair
offers may have problems interpreting behavioral or verbal cues. Sim-
ilarly, the FRN amplitude elicited by the UG is significantly less pro-
nounced in patients with schizophrenia than healthy controls (Horat
et al.,, 2018). Antisocial offenders also exhibited reduced amplitudes
on the UG (Mayer et al.,, 2018). These data suggest that patients with
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serious psychiatric illnesses may have deficits in decision-making in
social contexts.

In the current study, although rejection rates were significantly high
in manic patients only, FRN amplitudes elicited by unfair offers were
not different across manic and euthymic patients, despite their dif-
ferent mood states. Our group has previously demonstrated that the
FRN amplitude elicited by a probabilistic reward task is significantly
altered in both manic and euthymic patients with bipolar disorder
(Ryu et al., 2017). Our current findings suggest that there is no cor-
relation between mood symptom severity and rejection rates or FRN
amplitude, that behavioral responses to unfair offers may be mood
state-dependent whereas electrophysiological alteration may be a trait
abnormality.

The game theory assumes that all participants act rationally and aim
to maximize their self-interest (Leonard, 1995). In terms of the game
theory, the responder in the UG should accept any offer above zero
because any positive offer will be better than receiving nothing. Under
the assumption that the responder acts rationally, the most effective
strategy for the proposer is to make a minimal offer. Prior evidence
shows, however, that responders tend to resist unfair offers and, as
such, do not behave rationally. Responders typically reject a large pro-
portion of unfair offers to resist and punish the proposer. An indi-
vidual’'s emotional state can alter social bargaining behavior (Hewig
et al,, 2011). A study of patients with major depression revealed that
such individuals reject unfair offers more often than healthy controls
because of an enhanced tendency toward altruistic punishment among
individuals with depression(Scheele et al., 2013). As a proposer, individ-
uals with depression tend to offer more money to avoid rejection; these
individuals also exhibit low mentalizing ability (Destoop et al., 2012).
Negative affect leads to increased FRN, whereas state happiness leads
to increased acceptance of unfair offers (Riepl et al., 2016). The influ-
ence of affective state on bargaining responses to social fairness, there-
fore, may be the reason for the altered responses observed in manic
patients in the current study.

Our study has some limitations. First, we did not control the psy-
chotropic medications taken by the patients; however, reports suggest
that ERPs are not affected by antipsychotic drugs (Ford et al., 1994). To
our knowledge, however, no study has evaluated the effects of antipsy-
chotics on FRN. In this study, we did not find any significant correlation
between medications (in chlorpromazine-equivalent doses) and FRN
amplitude in our patient groups. We also did not find any significant
difference in FRN amplitudes at the F, electrode between patients tak-
ing lithium and those taking valproate. Lithium and valproate for treat-
ing bipolar patients may have varying effects on cognitive functioning
and have been shown to be associated with mild cognitive impairment,
although some benefits have also been reported (MacQueen & Young,
2003). Our sample size was not large enough to allow us to completely
exclude the possibility of medication effects. Second, we did not evalu-
ate individual preferences for fairness. If we had evaluated participants
in the dictator game, which directly evaluates the participants’ altru-
istic behavior, we could have assessed the direct relationship between
fairness preference and FRN amplitude. Future studies will need to elu-

cidate the mechanisms underlying fairness preferences. Third, we did

not test the participants’ alcohol and/or drug levels. We only checked
the mental status and drug history by inspection. Finally, we did not
directly measure social cognition and decision-making. Therefore, we
do not know the association between the rejection rate or ERP ampli-
tude and social decision-making.

5 | CONCLUSION

The main advantage of our experiment was that it addressed the bar-
gaining abilities and related neurophysiological changes in patients
with bipolar disorder. Our observations suggest that aberrant interac-
tive decision-making behaviors could be a state marker for mood state-
dependent symptomatic abnormalities whereas electrophysiological
alterations elicited by unfair offers may represent trait abnormalities
irrespective of mood states. Taken together, these findings support
the proposition that emotional decision-making in bipolar patients is
dysregulated regardless of mood status. Further research character-
izing emotional decision-making in patients with bipolar disorder may
enable clinicians to understand the patients’ behavior.

CONFLICT OF INTEREST
None

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

PEER REVIEW HISTORY
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2289

PEER REVIEW HISTORY
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2289

ORCID
Vin Ryu ‘& https://orcid.org/0000-0003-4840-7400
REFERENCES

Annett, M. (1970). A classification of hand preference by association anal-
ysis. British Journal of Psychology, 61(3), 303-321. https://doi.org/10.
1111/j.2044-8295.1970.tb01248.x

Asberg, M., Montgomery, S., Perris, C., Schalling, D., & Sedvall, G. (1978). A
comprehensive psychopathological rating scale. Acta Psychiatrica Scan-
dinavica, 57(5271), 5-27. https://doi.org/10.1111/j.1600-0447.1978.
tb02357.x

Ballester, J., Goldstein, B., Goldstein, T. R., Yu, H., Axelson, D., Monk, K.,
Hickey, M. B., Diler, R. S., Sakolsky, D. J., Sparks, G., lyengar, S., Kupfer,
D. J, Brent, D. A, & Birmaher, B. (2014). Prospective longitudinal course
of aggression among adults with bipolar disorder. Bipolar disorders, 16(3),
262-269. https://doi.org/10.1111/bdi.12168

Bechara, A., Damasio, H., Damasio, A. R., & Lee, G. P. (1999). Different con-
tributions of the human amygdala and ventromedial prefrontal cortex
to decision-making. Journal of Neuroscience, 19(13), 5473-5481. https:
//doi.org/10.1523/JNEUROSCI.19-13-05473.1999


https://publons.com/publon/10.1002/brb3.2289
https://publons.com/publon/10.1002/brb3.2289
https://publons.com/publon/10.1002/brb3.2289
https://publons.com/publon/10.1002/brb3.2289
https://orcid.org/0000-0003-4840-7400
https://orcid.org/0000-0003-4840-7400
https://doi.org/10.1111/j.2044-8295.1970.tb01248.x
https://doi.org/10.1111/j.2044-8295.1970.tb01248.x
https://doi.org/10.1111/j.1600-0447.1978.tb02357.x
https://doi.org/10.1111/j.1600-0447.1978.tb02357.x
https://doi.org/10.1111/bdi.12168
https://doi.org/10.1523/JNEUROSCI.19-13-05473.1999
https://doi.org/10.1523/JNEUROSCI.19-13-05473.1999

Brain and Behavior

*? | WILEY

Becker, M. P, Nitsch, A. M., Miltner, W. H., & Straube, T. (2014). A single-trial
estimation of the feedback-related negativity and its relation to BOLD
responses in a time-estimation task. Journal of Neuroscience, 34(8), 3005-
3012. https://doi.org/10.1523/JNEUROSCI.3684-13.2014

Bonsall, M. B., Wallace-Hadrill, S. M., Geddes, J. R, Goodwin, G. M.,
& Holmes, E. A. (2012). Nonlinear time-series approaches in char-
acterizing mood stability and mood instability in bipolar disorder.
Proceedings. Biological sciences/The Royal Society, 279(1730), 916-924.
doi:rspb.2011.1246 [pii]. https://doi.org/10.1098/rspb.2011.1246

Camerer, C. (2003). Behavioral Game Theory, Experiments in Strategic Interac-
tion. Princeton University Press.

Carlson, J. M,, Foti, D., Mujica-Parodi, L. R., Harmon-Jones, E., & Hajcak, G.
(2011). Ventral striatal and medial prefrontal BOLD activation is corre-
lated with reward-related electrocortical activity: A combined ERP and
fMRI study. Neuroimage, 57(4), 1608-1616. https://doi.org/10.1016/j.
neuroimage.2011.05.037

Chapman, H. A, Kim, D. A,, Susskind, J. M., & Anderson, A. K. (2009). In bad
taste: Evidence for the oral origins of moral disgust. Science, 323(5918),
1222-1226. https://doi.org/10.1126/science.1165565

Chase, H. W., & Phillips, M. L. (2016). Elucidating neural network func-
tional connectivity abnormalities in bipolar disorder: Toward a harmo-
nized methodological approach. Biological Psychiatry: Cognitive Neuro-
science and Neuroimaging, 1(3), 288-298. https://doi.org/10.1016/j.bpsc.
2015.12.006

Crockett, M. J,, Clark, L., Lieberman, M. D., Tabibnia, G., & Robbins, T. W.
(2010). Impulsive choice and altruistic punishment are correlated and
increase in tandem with serotonin depletion. Emotion (Washington, D.C.),
10(6), 855. https://doi.org/10.1037/a0019861

Destoop, M., Schrijvers, D., De Grave, C., Sabbe, B., & De Bruijn, E. R. (2012).
Better to give than to take? Interactive social decision-making in severe
major depressive disorder. Journal of Affective Disorders, 137(1), 98-105.
https://doi.org/10.1016/j.jad.2011.12.010

Duek, O., Osher, Y., Belmaker, R. H., Bersudsky, Y., & Kofman, O. (2014).
Reward sensitivity and anger in euthymic bipolar disorder. Psychiatry
Research, 215(1), 95-100. doi:S0165-1781(13)00679-3 [pii] https://doi.
org/10.1016/j.psychres.2013.10.028

Dutra, S. J,, Reeves, E. J., Mauss, |. B., & Gruber, J. (2014). Boiling at a
different degree: An investigation of trait and state anger in remitted
bipolar | disorder. Journal of Affective Disorders, 168, 37-43. doi:S0165-
0327(14)00412-1 [pii] https://doi.org/10.1016/j.jad.2014.06.044

Dutra, S. J., Siegle, G. J., Reeves, E. J., Mauss, |. B., & Gruber, J. (2016). Feel-
ing without thinking? Anger provocation task predicts impaired cogni-
tive performance in bipolar disorder but not major depression or healthy
adults. Cognitive therapy and research, 40(2), 139-149. https://doi.org/10.
1007/s10608-015-9734-0

Etkin, A., Buchel, C., & Gross, J. J. (2015). The neural bases of emotion regu-
lation. Nature reviews. Neuroscience, 16(11), 693-700. https://doi.org/10.
1038/nrn4044nrn4044 [pii]

Falk, A., & Fischbacher, U. (2006). A theory of reciprocity. Games and eco-
nomic behavior, 54(2), 293-315. https://doi.org/10.1016/j.geb.2005.03.
001

Fehr, E., & Fischbacher, U. (2003). The nature of human altru-
ism.  Nature, 425(6960), 785-791. https://doi.org/10.1038/
nature02043nature02043 [pii]

Ford, J. M., White, P. M., Csernansky, J. G., Faustman, W. O., Roth, W. T,
& Pfefferbaum, A. (1994). ERPs in schizophrenia: Effects of antipsy-
chotic medication. Biological Psychiatry, 36(3), 153-170. https://doi.org/
10.1016/0006-3223(94)91221-1

Frith, C. D., & Frith, U. (2008). Implicit and explicit processes in social cog-
nition. Neuron, 60(3), 503-510. doi:S0896-6273(08)00908-2 [pii] https:
//doi.org/10.1016/j.neuron.2008.10.032

Gehring, W. J., & Willoughby, A. R. (2002). The medial frontal cortex and
the rapid processing of monetary gains and losses. Science, 295(5563),
2279-2282. https://doi.org/10.1126/science.1066893

RYUET AL.

Open Access

Gray, J. A. (1994). Personality dimensions and emotion systems. The Nature
of Emotion, (pp. 329-331) New York: Oxford University Press.

Gray, J. A., & McNaughton, N. (2003). The neuropsychology of anxiety: An
enquiry into the function of the septo-hippocampal system. Oxford univer-
sity press.

Guth, W.,, Schmittberger, R., & Schwarze, B. (1982). An experimental analysis
of ultimatum bargaining. Journal of economic behavior & organization, 3(4),
367-388.

Hajcak, G., Holroyd, C. B., Moser, J. S., & Simons, R. F. (2005). Brain poten-
tials associated with expected and unexpected good and bad outcomes.
Psychophysiology, 42(2), 161-170. https://doi.org/10.1111/j.1469-8986.
2005.00278.x

Hewig, J., Kretschmer, N., Trippe, R. H., Hecht, H., Coles, M. G., Holroyd, C.
B., & Miltner, W. H. (2011). Why humans deviate from rational choice.
Psychophysiology, 48(4), 507-514. doi:PSYP1081 [pii] https://doi.org/10.
1111/j.1469-8986.2010.01081.x https://doi.org/10.1111/j.1469-8986.
2010.01081.x

Holroyd, C. B., & Coles, M. G. (2002). The neural basis of human error
processing: Reinforcement learning, dopamine, and the error-related
negativity. Psychological Review, 109(4), 679. https://doi.org/10.1037/
0033-295X.109.4.679

Holroyd, C. B., Pakzad-Vaezi, K. L., & Krigolson, O. E. (2008). The feedback
correct-related positivity: Sensitivity of the event-related brain poten-
tial to unexpected positive feedback. Psychophysiology, 45(5), 688-697.
https://doi.org/10.1111/j.1469-8986.2008.00668.x

Horat, S. K., Favre, G,, Prevot, A, Ventura, J., Herrmann, F. R., Gothuey, 1.,
Merlo, M. C. G., & Missonnier, P. (2018). Impaired social cognition in
schizophrenia during the Ultimatum Game: An EEG study. Schizophre-
nia Research, 192, 308-316. doi:50920-9964(17)30311-0 [pii] https://
doi.org/10.1016/j.schres.2017.05.037

Kim, S. H., Kim, T. Y., Ryu, V,, Ha, R. Y,, Lee, S. J., Ha, K., & Cho, H.-S. (2015).
Manic patients exhibit more utilitarian moral judgments in comparison
with euthymic bipolar and healthy persons. Comprehensive Psychiatry, 58,
37-44. https://doi.org/10.1016/j.comppsych.2014.12.010

Koenigs, M., & Tranel, D. (2007). Irrational economic decision-making after
ventromedial prefrontal damage: Evidence from the Ultimatum Game.
Journal of Neuroscience, 27(4), 951-956. doi:27/4/951 [pii] https://doi.
org/10.1523/JNEUROSCI.4606-06.2007

Latalova, K. (2009). Bipolar disorder and aggression. International Journal
of Clinical Practice, 63(6),889-899. doi:1JCP2001 [pii] https://doi.org/10.
1111/j.1742-1241.2009.02001.x https://doi.org/10.1111/j.1742-1241.
2009.02001.x

Leonard, R. J. (1995). From parlor games to social science: Von Neumann,
Morgenstern, and the creation of game theory 1928-1944. Journal of
Economic Literature, 33(2), 730-761.

MacQueen, G., & Young, T. (2003). Cognitive effects of atypical antipsy-
chotics: Focus on bipolar spectrum disorders. Bipolar disorders, 5,53-61.
https://doi.org/10.1111/j.1399-2406.2003.00059.x

Marsh, A. A, & Blair, R. J. R. (2008). Deficits in facial affect recognition
among antisocial populations: A meta-analysis. Neuroscience & Biobehav-
ioral Reviews, 32(3), 454-465.

Mayer, S. V., Rauss, K. Pourtois, G., Jusyte, A, & Schonenberg, M.
(2018). Behavioral and electrophysiological responses to fairness
norm violations in antisocial offenders. European Archives of Psychia-
try and Clinical Neuroscience, 269, 731-740. https://doi.org/10.1007/
s00406-018-0878-2

Mehta, P. H., & Beer, J. (2010). Neural mechanisms of the testosterone-
aggression relation: The role of orbitofrontal cortex. Journal of Cog-
nitive Neuroscience, 22(10), 2357-2368. https://doi.org/10.1162/jocn.
2009.21389

Miltner, W.H., Braun, C.H.,& Coles,M. G.(1997). Event-related brain poten-
tials following incorrect feedback in a time-estimation task: Evidence for
a “generic” neural system for error detection. Journal of Cognitive Neuro-
science, 9(6), 788-798. https://doi.org/10.1162/jocn.1997.9.6.788


https://doi.org/10.1523/JNEUROSCI.3684-13.2014
https://doi.org/10.1098/rspb.2011.1246
https://doi.org/10.1016/j.neuroimage.2011.05.037
https://doi.org/10.1016/j.neuroimage.2011.05.037
https://doi.org/10.1126/science.1165565
https://doi.org/10.1016/j.bpsc.2015.12.006
https://doi.org/10.1016/j.bpsc.2015.12.006
https://doi.org/10.1037/a0019861
https://doi.org/10.1016/j.jad.2011.12.010
https://doi.org/10.1016/j.psychres.2013.10.028
https://doi.org/10.1016/j.psychres.2013.10.028
https://doi.org/10.1016/j.jad.2014.06.044
https://doi.org/10.1007/s10608-015-9734-0
https://doi.org/10.1007/s10608-015-9734-0
https://doi.org/10.1038/nrn4044nrn4044
https://doi.org/10.1038/nrn4044nrn4044
https://doi.org/10.1016/j.geb.2005.03.001
https://doi.org/10.1016/j.geb.2005.03.001
https://doi.org/10.1038/nature02043nature02043
https://doi.org/10.1038/nature02043nature02043
https://doi.org/10.1016/0006-3223(94)91221-1
https://doi.org/10.1016/0006-3223(94)91221-1
https://doi.org/10.1016/j.neuron.2008.10.032
https://doi.org/10.1016/j.neuron.2008.10.032
https://doi.org/10.1126/science.1066893
https://doi.org/10.1111/j.1469-8986.2005.00278.x
https://doi.org/10.1111/j.1469-8986.2005.00278.x
https://doi.org/10.1111/j.1469-8986.2010.01081.x
https://doi.org/10.1111/j.1469-8986.2010.01081.x
https://doi.org/10.1111/j.1469-8986.2010.01081.x
https://doi.org/10.1111/j.1469-8986.2010.01081.x
https://doi.org/10.1037/0033-295X.109.4.679
https://doi.org/10.1037/0033-295X.109.4.679
https://doi.org/10.1111/j.1469-8986.2008.00668.x
https://doi.org/10.1016/j.schres.2017.05.037
https://doi.org/10.1016/j.schres.2017.05.037
https://doi.org/10.1016/j.comppsych.2014.12.010
https://doi.org/10.1523/JNEUROSCI.4606-06.2007
https://doi.org/10.1523/JNEUROSCI.4606-06.2007
https://doi.org/10.1111/j.1742-1241.2009.02001.x
https://doi.org/10.1111/j.1742-1241.2009.02001.x
https://doi.org/10.1111/j.1742-1241.2009.02001.x
https://doi.org/10.1111/j.1742-1241.2009.02001.x
https://doi.org/10.1111/j.1399-2406.2003.00059.x
https://doi.org/10.1007/s00406-018-0878-2
https://doi.org/10.1007/s00406-018-0878-2
https://doi.org/10.1162/jocn.2009.21389
https://doi.org/10.1162/jocn.2009.21389
https://doi.org/10.1162/jocn.1997.9.6.788

RYUETAL.

Brain and Behavior

Nelissen, R. M., Van Someren, D.S., & Zeelenberg, M. (2009). Take it or leave
it for something better? Responses to fair offers in ultimatum bargaining.
Journal of Experimental Social Psychology, 45(6), 1227-1231. https://doi.
org/10.1016/j.jesp.2009.06.004

Nowak, M. A,, Page, K. M., & Sigmund, K. (2000). Fairness versus reason in
the ultimatum game. Science, 289(5485), 1773-1775. https://doi.org/10.
1126/science.289.5485.1773

Ong, D. C,, Zaki, J., & Gruber, J. (2017). Increased cooperative behavior
across remitted bipolar | disorder and major depression: Insights uti-
lizing a behavioral economic trust game. Journal of Abnormal Psychol-
ogy, 126(1), 1-7. https://doi.org/10.1037/abn0000239 https://doi.org/
10.1037/abn0000239

Perroud, N., Courtet, P, Vincze, |., Jaussent, |., Jollant, F., Bellivier, F.,
Leboyer, M., Baud, P, Buresi, C., & Malafosse, A. (2008). Interaction
between BDNF Val66Met and childhood trauma on adult’s violent sui-
cide attempt. Genes, brain, and behavior, 7(3), 314-322. doi:GBB354 [pii]
https://doi.org/10.1111/j.1601-183X.2007.00354.x

Perry, W.,Minassian, A., Paulus, M. P, Young, J. W., Kincaid, M. J., Ferguson, E.
J.,Henry, B. L., Zhuang, X., Masten, V. L., Sharp, R. F,, & Sharp, R. F. (2009).
A reverse-translational study of dysfunctional exploration in psychi-
atric disorders: From mice to men. Archives of General Psychiatry, 66(10),
1072-1080. https://doi.org/10.1001/archgenpsychiatry.2009.58

Phillips, M. L., & Swartz, H. A. (2014). A critical appraisal of neuroimaging
studies of bipolar disorder: Toward a new conceptualization of underly-
ing neural circuitry and a road map for future research. American Journal
of Psychiatry, 171(8), 829-843. https://doi.org/10.1176/appi.ajp.2014.
13081008

Pillutla, M. M., & Murnighan, J. K. (1996). Unfairness, anger, and spite: Emo-
tional rejections of ultimatum offers. Organizational Behavior and Human
Decision Processes, 68(3), 208-224. https://doi.org/10.1006/0bhd.1996.
0100

Qu,C.,Wang,Y.,&Huang, Y. (2013). Social exclusion modulates fairness con-
sideration in the ultimatum game: An ERP study. Frontiers in Human Neu-
roscience, 7, 505. https://doi.org/10.3389/fnhum.2013.00505

Riepl, K., Mussel, P, Osinsky, R., & Hewig, J. (2016). Influences of state
and trait affect on behavior, feedback-related negativity, and P3b in the
Ultimatum Game. PLoS ONE, 11(1), e0146358. https://doi.org/10.1371/
journal.pone.0146358

Ryu, V., Ha, R. Y, Lee, S. J, Ha, K,, & Cho, H. S. (2017). Behavioral and
electrophysiological alterations for reinforcement learning in manic and
euthymic patients with bipolar disorder. CNS neuroscience & therapeutics,
23(3),248-256. https://doi.org/10.1111/cns. 12671

Sanfey, A. G, Rilling, J. K,, Aronson, J. A,, Nystrom, L. E., & Cohen, J. D.
(2003). The neural basis of economic decision-making in the ultimatum

WILEY->*"

game. Science, 300(5626), 1755-1758. https://doi.org/10.1126/science.
1082976

Scheele, D., Mihov, Y., Schwederski, O., Maier, W., & Hurlemann, R. (2013).
A negative emotional and economic judgment bias in major depression.
European Archives of Psychiatry and Clinical Neuroscience, 263(8), 675-
683. https://doi.org/10.1007/s00406-013-0392-5

Semlitsch, H. V., Anderer, P, Schuster, P, & Presslich, O. (1986). A solution for
reliable and valid reduction of ocular artifacts, applied to the P300 ERP.
Psychophysiology, 23(6), 695-703. https://doi.org/10.1111/j.1469-8986.
1986.tb00696.x

Sheehan, D. V., Sheehan, K. H., Shytle, R. D., Janavs, J., Bannon, Y., Rogers, J.
E., Milo, K. M,, Stock, S. L., & Wilkinson, B. (1997). Reliability and valid-
ity of the mini international neuropsychiatric interview for children and
adolescents (MINI-KID). Journal of Clinical Psychiatry, 71(3), 313-326.
https://doi.org/10.4088/JCP.09m05305whi

Tabibnia, G., Satpute, A. B., & Lieberman, M. D. (2008). The sunny side of
fairness. Psychological science: A journal of the American Psychological Soci-
ety/APS, 19(4), 339. https://doi.org/10.1111/j.1467-9280.2008.02091.x

Van den Berg, I, Franken, I. H., & Muris, P. (2011). Individual differences in
sensitivity to reward: Association with electrophysiological responses to
monetary gains and losses. Journal of Psychophysiology, 25(2), 81. https:
//doi.org/10.1027/0269-8803/a000032

Van't Wout, M., Kahn,R.S., Sanfey, A. G., & Aleman, A. (2006). Affective state
and decision-making in the ultimatum game. Experimental Brain Research,
169(4), 564-568. https://doi.org/10.1007/s00221-006-0346-5

Yeung, N., & Sanfey, A. G. (2004). Independent coding of reward magnitude
and valence in the human brain. Journal of Neuroscience, 24(28), 6258-
6264. https://doi.org/10.1523/JNEUROSCI.4537-03.2004

Yi, J., Chung, M., Lee, B., & Lee, S. (2003). Reliability and validity of the
Korean version of global assessment of functioning scale. Korean J
Schizophr Res, 6, 118-124.

Young, R., Biggs, J., Ziegler, V., & Meyer, D. (1978). A rating scale for mania:
Reliability, validity and sensitivity. British Journal of Psychiatry, 133(5),
429-435. https://doi.org/10.1192/bjp.133.5.429

How to cite this article: Ryu, V,,Ha,R.Y.,& Cho, H.S.(2021).
Altered behavioral and electrophysiological responses to
social fairness in manic and euthymic patients with bipolar
disorder. Brain and Behavior, 11, e2289.
https://doi.org/10.1002/brb3.2289


https://doi.org/10.1016/j.jesp.2009.06.004
https://doi.org/10.1016/j.jesp.2009.06.004
https://doi.org/10.1126/science.289.5485.1773
https://doi.org/10.1126/science.289.5485.1773
https://doi.org/10.1037/abn0000239
https://doi.org/10.1037/abn0000239
https://doi.org/10.1037/abn0000239
https://doi.org/10.1111/j.1601-183X.2007.00354.x
https://doi.org/10.1001/archgenpsychiatry.2009.58
https://doi.org/10.1176/appi.ajp.2014.13081008
https://doi.org/10.1176/appi.ajp.2014.13081008
https://doi.org/10.1006/obhd.1996.0100
https://doi.org/10.1006/obhd.1996.0100
https://doi.org/10.3389/fnhum.2013.00505
https://doi.org/10.1371/journal.pone.0146358
https://doi.org/10.1371/journal.pone.0146358
https://doi.org/10.1111/cns.12671
https://doi.org/10.1126/science.1082976
https://doi.org/10.1126/science.1082976
https://doi.org/10.1007/s00406-013-0392-5
https://doi.org/10.1111/j.1469-8986.1986.tb00696.x
https://doi.org/10.1111/j.1469-8986.1986.tb00696.x
https://doi.org/10.4088/JCP.09m05305whi
https://doi.org/10.1111/j.1467-9280.2008.02091.x
https://doi.org/10.1027/0269-8803/a000032
https://doi.org/10.1027/0269-8803/a000032
https://doi.org/10.1007/s00221-006-0346-5
https://doi.org/10.1523/JNEUROSCI.4537-03.2004
https://doi.org/10.1192/bjp.133.5.429
https://doi.org/10.1002/brb3.2289

	Altered behavioral and electrophysiological responses to social fairness in manic and euthymic patients with bipolar disorder
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Participants
	2.2 | Clinical assessment
	2.3 | The ultimatum game
	2.4 | Electroencephalography recording
	2.5 | Statistical analysis

	3 | RESULTS
	3.1 | Rejection rates
	3.2 | Feedback-related negativity amplitude
	3.3 | Correlations among clinical symptoms, rejection rates, and feedback-related negativity amplitudes

	4 | DISCUSSION
	5 | CONCLUSION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT
	PEER REVIEW HISTORY

	PEER REVIEW HISTORY
	ORCID
	REFERENCES


